Israeli Mycobacterium marinum isolates from humans and fish were compared by direct sequencing of the 16S rRNA and hsp65 genes, restriction mapping, and amplified fragment length polymorphism analysis. Significant molecular differences separated all clinical isolates from the piscine isolates, ruling out the local aquaculture industry as the source of human infections.
the same period (1990 to 2000), included seven marine isolates from cultured and wild fish and two freshwater isolates from cultured fish. In addition, one marine isolate from a captive hawksbill sea turtle (Eretmochelys imbricata) from the Red Sea was examined. For purposes of comparison, foreign M. marinum isolates from both human and piscine lesions were included. Clinical strain 98100 was isolated in Sardinia, Italy. Three European piscine isolates, two from Greece and one from Denmark (marine), and two piscine isolates from Thailand (freshwater) were also included. Reference strain ATCC 927, isolated from an unspecified marine fish in the United States, was purchased directly from the American Type Culture Collection, Manassas, Va. In addition, a clinical Mycobacterium ulcerans isolate (strain 93147172, from Australia) was used, due to the fact that its phylogeny is thought to be close to that of M. marinum (18, 24) .
DNAs from all human isolates were extracted, and the 16S rRNA (1,522-bp) and hsp65 (1,648-bp) genes were amplified and sequenced as described by Ucko et al. (25) for fish isolates (Table 1) .
For the restriction map, a 614-bp PCR product from the 16S rRNA gene was obtained by using primers pA (8) and 266 (3), followed by digestion with the MslI restriction enzyme (New England Biolabs, Beverly, Mass.). Restriction fragments from three representative Israeli clinical isolates (H1 to H3), two piscine isolates representative of the Israeli freshwater and marine environments (M. marinum Cyprinum CC240299 [GenBank accession no. AF456239] and M. marinum Eilaticum DL240490 [GenBank accession no. AF456238]), and two M. marinum isolates of foreign origin (ATCC 927, from an unspecified fish [GenBank accession no. AF456240], and S4 from the snakehead Channa striata, identical to a strain with GenBank accession no. AF251565) were separated on 3.5% NuSieve low-melting-point agarose (BioWhittaker Molecular Applications, Rockland, Maine). A 100-bp molecular ruler (Bio-Rad, Hercules, Calif.) was used as a DNA size marker.
Amplified fragment length polymorphism (AFLP) analysis was carried out on both human and piscine isolates as described by Vos et al. (26) with the modifications of Kvitt et al. (14) . Briefly, DNA was digested with 20 U of EcoRI and 5 U of MseI (New England Biolabs), and preamplification was performed with two AFLP adapters: M1 (MseI-adapter) (5Ј GACGATGAGTCCTGAG 3Ј) and E1 (EcoRI-adapter) (5ЈC TCGTAGACTGCGTACC3Ј). The AFLP reaction employed two oligonucleotide primers: M1, corresponding to the MseI ends, and a radioactively labeled EcoRI primer (5Ј GACTGC GTACCAATTN 3Ј), corresponding to the EcoRI ends. The EcoRI primers had one selective nucleotide extension (N stands for G, A, T, or C). In each reaction one selective EcoRI primer was employed. Four primer combinations were used to detect strain variation. Four microliters of each sample was loaded onto 6% denaturing polyacrylamide gels (8 M urea) and subjected to electrophoresis for 1.5 h at 2,000 W. Polymorphism was determined by the presence (scored as 1) or absence (scored as 0) of DNA fragments. The banding patterns of the four primer sets were combined, and the pairwise distances between isolates were calculated by using Nei and Li's method (16) and the PAUP 4 (beta 7) program. A dendrogram was constructed by UPGMA (unweighted-pair group method using average linkages) analysis (21) . Bootstrap proportions were used to assess the tree robustness with 1,000 bootstrap replications. Mycobacterium sp. strain Graecum DL049 was used as an outgroup, because this strain has been demonstrated to be a new Mycobacterium species (25) .
The 20 Israeli clinical isolates and the clinical isolate from Italy showed identical sequences for both the 16S rRNA and hsp65 genes. These sequences were found to be identical to those of two freshwater-fish isolates from C. striata from Thailand (GenBank accession no. AF251565 and AF456474, respectively). Conversely, when compared with those of the Israeli marine and freshwater fish isolates, both genes shared 99.6% sequence homology.
A restriction map was drawn based on the sequence information obtained from the 16S rRNA gene (Fig. 1) . MslI digestion of the 614-bp PCR product from the 16S rRNA gene resulted in cleavage products of 80 and 534 bp. Identical patterns for the three representative Israeli clinical isolates, the reference strain ATCC 927, and isolate S4 from C. striata from Thailand were revealed, thus distinguishing the Israeli clinical isolates from the Israeli fish isolates.
The total number of AFLP bands per primer set ranged from 73 to 130. By summing the bands of the four primer combinations, 380 distinct bands were revealed. Pairwise distances between taxa were calculated by using all 380 bands, and a dendrogram was constructed (Fig. 2) . Three distinct main groups, A to C, could be distinguished at a cutoff value of approximately 60% similarity. Group A (n ϭ 23) includes all the Israeli M. marinum clinical isolates, two freshwater fish isolates from Thailand, and the clinical isolate from Italy. At about 80% similarity, group A could be further divided into two subgroups, A1 (n ϭ 19) and A2 (n ϭ 4). Isolates within subgroup A1 shared 92 to 100% similarity, while those in subgroup A2 shared 88% similarity. Group B (n ϭ 11) was distinguished at 68% similarity from group A and includes all the Israeli M. marinum fish isolates from both the marine and freshwater environments. At approximately 80% similarity, group B could be further divided into two subgroups: B1 (n ϭ 9), which includes all the marine fish isolates, the sea turtle isolate, and isolate DL045 from sea bass from Greece, all sharing 93% similarity, and B2 (n ϭ 2), which includes the two Israeli freshwater fish isolates, sharing 91% similarity. Group C (n ϭ 2) formed at a cutoff value of 63% similarity with group A and includes the reference strain ATCC 927 and an isolate from sea bass from Denmark, sharing 84% similarity. M. ulcerans also exhibited 60% similarity with the other groups, whereas the M. sp. strain Graecum isolate (DL049) fell outside these clusters at 46.5% similarity.
Direct sequencing of the two genes 16S rRNA and hsp65 confirmed the identity of all of the 20 Israeli clinical isolates that were isolated during the years 1992 to 1999, characterizing them as M. marinum. Also, these sequences were found to be identical to those from the freshwater species C. striata from Thailand. The more practical and rapid restriction map that previously allowed the distinction of Israeli from foreign fish isolates (25) allowed us, in the present study, to distinguish the Israeli clinical isolates from the Israeli fish isolates of both marine and freshwater environments.
The AFLP whole-genome technique revealed further polymorphism by distinguishing between isolates that shared 100% homology within the 16S rRNA and the hsp65 gene sequences. AFLP band patterns produced several subclusters in each of the three main groups. Also, with this method the resolution (18, 24, 25) , these two species were distinguished by AFLP at 60% similarity. Our results are in agreement with those of Chemlal et al. (4) . M. marinum infections in Thailand are reported as being frequent among fishermen and fishmongers (13) . In addition, two of the most economically important fish species cultured in Thailand, the snakehead C. striata and the Siamese fighting fish Betta splendens, have been repeatedly associated with M. marinum (19) . The close molecular similarity between the Israeli clinical isolates and those from Thailand suggests that clinical cases in Israel may have derived from the ornamental fish trade associated with home aquaria. This and the lack of records of human infections by our local strains (M. marinum Eilaticum and M. marinum Cyprinum) make it safe to assume that the local aquaculture industry is not the source of human infections in this country, while strengthening the hypothesis that only certain strains of M. marinum have zoonotic potential.
